Introduction {#Sec1}
============

In December 2019, a new type of unexplained pneumonia appeared in the South China Seafood Wholesale Market in Wuhan, Hubei Province, but its source has not yet been found. To confirm the cause, whole-genome sequencing of samples from patients with this unexplained pneumonia revealed a beta-coronavirus that had never been seen before, which was different from SARS-CoV and MERS-CoV \[[@CR1]\]. After the alert of this new pathogen, China quickly took measures to completely block off Hubei Province and implemented a quarantine policy nationwide to keep the outbreak under control. This efficient process was also recognized by the international WHO. This highly contagious new coronavirus was initially named 2019-nCoV. On Feb 11, 2020, the International Committee on Taxonomy of Viruses introduced the name "severe acute respiratory syndrome coronavirus 2" (SARS-CoV-2) to refer to the virus, and the WHO named the related pneumonia coronavirus pneumonia (COVID-19).

This article will go through basic virology of SARS-CoV-2 and review mainly the drugs used in the battle against COVID-19 in China.

Virology {#Sec2}
========

By genome sequencing, it was found that SARS-CoV-2 has 82% sequence similarity with SARS-CoV \[[@CR2], [@CR3]\], and through phylogenetic tree analysis, it has 96% homology with bat coronaviruses at the genome level, for which reason bats were inferred to be the host for SARS-CoV-2 \[[@CR4]\]. The genome structure of SARS-CoV-2 is shown in Fig. [1](#Fig1){ref-type="fig"}.Fig. 1The genome of SARS-CoV-2 \[[@CR3]\].Fig. 2The possible life cycle of SARS-CoV-2 \[[@CR10]\].Fig. 3Registered clinical trials for COVID-19 drugs \[[@CR11]\]. Clinical trials with ethics committee approval and signed informed consent were pooled from the ChiCTR database ([www.chictr.org.cn](http://www.chictr.org.cn)) (as of 10 Mar), and drugs involved in these trials were identified and categorized manually.

SARS-CoV-2 is a single-stranded positive-sense RNA virus and is classified in the order Nidovirales, Coronaviridae, and Coronavirus \[[@CR5]\]. Coronaviruses are a large class of viruses that can infect mammals and birds and can cause many diseases, such as respiratory, intestinal, liver, and nervous system diseases \[[@CR6]\]. Coronaviruses are divided into four groups: alpha-, beta-, gamma- and delta-coronaviruses \[[@CR7]\], and all known human pathogenic coronaviruses are beta-coronaviruses.

The single-stranded RNA genome of SARS-CoV-2 is 29891 nucleotides in size. The genes of SARS-CoV-2 from 5′ to 3′ are a 5′ untranslated region, including 5′ leader sequences; and open reading frame (ORF) 1a/b; structural proteins, including the envelope glycoprotein spike (S), envelope (E), membrane (M) and nucleoprotein (N); accessory proteins, such as ORF3, 6, 7a, 7b, 8, and 9b; and a 3′ untranslated region \[[@CR3]\].

ORF1a/b occupy two-thirds of the viral genome, and they encode two polyproteins, pp1a and pp1ab \[[@CR8]\]. These two polyproteins can be hydrolyzed into 16 nonstructural proteins (nsps), including papain-like protease (PLpro), 3C-like protease (3CLpro), RNA-dependent RNA polymerase (RdRp), helicase, and exonuclease \[[@CR6]\]. The enveloped glycoprotein spike (S) forms a layer of glycoproteins protruding from the envelope and is closely related to virus infection of cells \[[@CR9]\]. There are multiple sequence segments in the receptor-binding domain of the S protein, which have high homology with SARS-CoV sequences, and some studies have confirmed that SARS-CoV-2 can bind to the ACE2 receptor on the cell surface, similar to SARS-CoV \[[@CR1], [@CR3], [@CR10]\]. Two additional transmembrane glycoproteins, envelope (E) and membrane (M), are incorporated into the virion. Nucleoprotein encapsulates the viral (+) RNA genome in the form of a spiral in the envelope to prevent degradation. Accessory proteins do not participate in viral replication, but they interfere with the host innate immune response or have other unknown functions \[[@CR10]\].

The SARS-CoV-2 possible life cycle begins when the spike glycoprotein on the envelope binds to the ACE2 receptor, and membrane fusion occurs either directly with the host cell membrane or with the endosome membrane. After membrane fusion, the viral RNA genome is released into the cytoplasm, and the uncoated RNA is translated into two polyproteins. The polyproteins are cleaved by the protease encoded by ORF1a into the 16 nsps, which can form an RNA replicase-transcriptase complex \[[@CR6], [@CR10]\]. This complex drives the production of negative-sense RNA, which is used as a template for the full-length (+) RNA genome. During transcription, subgenomic RNAs are produced by discontinuous transcription and then transcribed into subgenomic (+) mRNA, which is translated into different structural proteins. The newly formed structural protein and viral genomic RNA combine to form a nucleocapsid. The viral particles bud into the ER--Golgi intermediate compartment (ERGIC), and then the primary virion is released from the infected cells \[[@CR10]\].  A diagram of  SARS-CoV-2 life cycle is shown in Fig. [2](#Fig2){ref-type="fig"}.

Overview of COVID-19 drug-related clinical trials in China {#Sec3}
==========================================================

Due to the sudden emergence of SARS-CoV-2, no specific antiviral agents are available. However, many drugs under development are believed to have potential anti-SARS-CoV-2 activity due to common biological processes in the virus life cycle. Currently, there are \~200 domestic clinical trials of COVID-19 drugs from the Chinese Clinical Trial Registry (ChiCTR) as of 10 March, and most are for chemical drugs, Chinese patent medicines, and combinations. All of these clinical trials were registered in 2020, after the outbreak of COVID-19 \[[@CR11]\].

Among those COVID-19 treatment-related clinical trials, a total of 155 registered COVID-19 treatment drug-related interventional studies were obtained from the ChiCTR database ([www.chictr.org.cn](http://www.chictr.org.cn)) with ethics committee approval and informed consent signed by 10 March. Statistic information of these registered trials are shown in Fig. [3](#Fig3){ref-type="fig"}. The study phase of each trial was extracted, and nearly 25% of these clinical trials were registered as phase 4 studies, which were stated as "postmarketing drugs" or "phase IV clinical trials" by the ChiCTR definition. In phase four studies, many domestically approved Chinese patent drugs and chemical agents are being used to treat COVID-19 patients.

With so many clinical trials registered in such a short period of time, we can see that China has responded to the epidemic in a timely manner and hopes to find SARS-CoV-2-specific medicines to end the epidemic as soon as possible. This urgent need propelled China's drug research ability to its full power, and this motivation involved many academic institutions, hospitals, and companies. This approach has also led to concerns about this phenomenon. Excessive research and drug trials can create the problem of squeezing each other for limited medical resources or even wasting them. This phenomenon and its impact on our medical system, as well as possible improvement in our medical administration, need thorough review and discussion at an appropriate time in the future.

In these 155 pooled clinical trials, a number of approved chemical and biomacromolecule drugs have been used in COVID-19 treatment clinical trials for drug repurposing, most of which are nucleotide analogs and protease inhibitors against other viral pathogens, including influenza virus, HIV and HCV. Comprehensive information about the chemical agents used in COVID-19 drug clinical trials is shown in the table below (Table [1](#Tab1){ref-type="table"}).Table 1Approved drugs used in COVID-19 repurpose clinical trials.CategoryDrug nameApproved indicationMechanismBiomacro-moleculeTocilizumabRheumatoid arthritisIL-6R antibodyType I interferon (include IFN-α & IFN-β)Hairy cell leukemia, melanoma, AIDS-related Kaposi's sarcomaImmune modulationThymosin a1T cell defect, autoimmunity diseaseT cell stimulationrhG-CSFLeukopeniaCSF receptorChemical AgentLopinavir/ritonavirHIVHIV-1 protease inhibitorEmtritabineHIVReverse transcriptase inhibitorAzvudineHIVReverse transcriptase inhibitorRibavirinHCVRdRp^a^ inhibitorDanorevirHCVHCV protease inhibitorGanovoHCVHCV protease inhibitorTenofovirHBVReverse transcriptase inhibitorTriazavirinFluRdRp inhibitorFavipiravirFluRdRp inhibitorBaloxavir MarboxilFluInfluenza virus cap-dependent endonuclease inhibitorArbidolFluVirion entry inhibitorPoly (I:C) InjectionViral infectionImmune modulationCarrimycinBacteria infectionPeptide acyltransferase inhibitorDihydroartemisinine/PiperaquineMalariaMultiple targetsChloroquine^b^MalariaHeme biocrystallization inhibitorSuraminTrypanosomes infectionMultiple targetsRuxolitinibMyelofibrosisJAK1/JAK2 signaling inhibitionLeflunomideRheumatoid arthritisPyrimidine synthesis inhibitorTranilastBronchial asthma, Allergic disordersHematopoietic prostaglandin D synthase inhibitorEbastineAllergic rhinitis, Chronic idiopathic urticariaHistamine H~1~-receptor antagonistAlpha lipoic acidDiabetic multiple peripheral neuropathyAntioxidantPirfenidoneIdiopathic pulmonary fibrosisCollagen synthesis inhibition, Cytokine down-regulationBismuth potassium citrateGastric ulcerGastric mucosa protectantEnoxaparin Sodium InjectionVenous thromboembolic diseaseXa factor inbihitorGlycyrrhizinatePremenstrual syndrome, Viral infectionsMultiple targetsGlucocorticoidInflammatory conditionsGlucocorticoid receptor^a^RdRp, RNA-dependent RNA polymerase.

Antiviral agents suggested in the national protocol for COVID-19 treatment {#Sec4}
==========================================================================

Although the mortality rate of SARS-CoV-2 is not as high as that of SARS-CoV and MERS-CoV, SARS-CoV-2 is more contagious, and studies have shown that it can be transmitted during the incubation period \[[@CR12]\].

To date, there are no specific vaccines or antiviral drugs against COVID-19. For the treatment of patients, isolation and symptomatic supportive care are currently recommended, including oxygen therapy, water, and dielectric balance, nutritional interventions and fluid management to reduce symptoms and prevent end-organ dysfunction \[[@CR13], [@CR14]\]. For the treatment of severe pneumonia, extracorporeal membrane oxygenation therapy is a new type of adjuvant treatment technology \[[@CR15]\], and gas exchange through cardiopulmonary bypass technology can reduce ventilator-related damage and oxygen toxicity damage to promote early patient recovery. However, the needs for specific technical skill and high expense limit its usage.

A number of nonspecific antiviral agents have been recommended in the latest 7th trial version of the "Diagnosis and Treatment Protocol for Novel Coronavirus Pneumonia". Table [2](#Tab2){ref-type="table"} shown below lists important information about currently available anti-SARS-CoV-2 drugs (Table [2](#Tab2){ref-type="table"}).Table 2Current suggested drugs in COVID-19 treatment^a^.DrugDosage (For adult)Route of administrationCourse of treatmentIFN-α5,000,000 UTwice dailyAerosol inhalationLopinavir/ritonavir400 mg/100 mgTwice dailyOral≤10 daysRibavirin500 mg2--3 times dailyIntravenous injection≤10 daysCombination with interferon or lopinavir /ritonavir recommendedChloroquine phosphate500 mgTwice dailyOral7 days18--65 years old, weight 50 kgChloroquine phosphate500 mgDay 1--2 twice daily; Day 3--7 once dailyOral7 days18--65 years old, weight \<50 kgArbidol200 mgThree times dailyOral≤10 days^a^According to the 7th trial version of "Diagnosis and Treatment Protocol for Novel Coronavirus Pneumonia".

IFN-α {#Sec5}
-----

Type I interferons, including IFN-α and IFN-β, have broad-spectrum antiviral effects \[[@CR16]\]. IFN-α can directly inhibit virus replication or can achieve antiviral effects by activating innate or adaptive immunity \[[@CR17]\]. Many studies have proven that IFN-α has an antiviral effect on SARS-CoV \[[@CR18]\], and other experts discovered that IFN-α can prevent MERS-CoV infection and effectively inhibit the virus in the early stages of infection \[[@CR19]\]. Because it is also a coronavirus and highly homologous to SARS-CoV, IFN-α is recommended for the treatment of SARS-CoV-2 infection. According to the latest new "Diagnosis and Treatment Protocol for Novel Coronavirus Pneumonia", IFN-α at a dose of \~5 million U or equivalent dose each time for adults is added to 2 mL of sterile water, and it is aerosolized and inhaled twice a day \[[@CR13]\].

Lopinavir/ritonavir {#Sec6}
-------------------

Lopinavir was first approved in the United States in 2000 for the treatment of HIV infection \[[@CR20]\]. It is a protease inhibitor and is usually used in combination with ritonavir to increase its half-life through the inhibition of cytochrome P450 \[[@CR21]\]. In vitro studies have shown that lopinavir/ritonavir can inhibit the replication of MERS-CoV and SARS-CoV and exert antiviral effects \[[@CR22]--[@CR25]\]. At present, the drug has been used in the clinical treatment of COVID-19 at a dose of 400 mg/100 mg for adults twice daily, and the course of treatment does not exceed 10 days \[[@CR13]\]. However, this treatment has certain toxic and side effects on the treatment of COVID-19. Therefore, its safety and effectiveness require further research. Recently, some clinical studies have shown that lopinavir/ritonavir treatment has no significant effect \[[@CR26], [@CR27]\].

Ribavirin {#Sec7}
---------

Ribavirin is a purine nucleoside analog with a broad-spectrum antiviral effect \[[@CR28]\]. It is used mainly to treat respiratory syncytial virus infection \[[@CR29]\] and in combination with interferon for hepatitis C \[[@CR30]\]. Ribavirin was widely used in 2003 to treat SARS-CoV infection, but when used alone, it seemed to have no effect and caused significant hemolysis in many patients \[[@CR31]--[@CR34]\]. When ribavirin was combined with IFN-β, it had good antiviral activity in in vitro studies \[[@CR35]\]. Some studies have shown that in patients with severe MERS-CoV infection, ribavirin combined with IFN-α-2a treatment can significantly improve patient 14-day survival \[[@CR36]\]. Preliminary in vitro test results demonstrate that ribavirin can inhibit SARS-CoV-2 in a human cell line. In the latest "Diagnosis and Treatment Protocol for Novel Coronavirus Pneumonia", it is recommended to use ribavirin at a dose of 500 mg each time for adults and in combination with interferon or lopinavir/ritonavir, with 2--3 intravenous infusions daily. The course of treatment does not exceed 10 days \[[@CR13]\].

Chloroquine phosphate {#Sec8}
---------------------

Chloroquine phosphate is an antimalarial drug that has been on the market for many years, and it also has a potential broad-spectrum antiviral effect \[[@CR37], [@CR38]\]. It can increase the pH of lysosomes to prevent virus fusion with the cell membrane and then block virus entry and infection \[[@CR39]\].

Some studies have found that the spike glycoprotein on the virus envelope binds to the ACE2 receptor to mediate SARS-CoV-2 infection \[[@CR9], [@CR40]\]. Chloroquine phosphate has been reported to interfere with the glycosylation of the ACE2 receptor, thereby inhibiting the binding of SARS-CoV to cells and achieving therapeutic goals \[[@CR41]\]. Therefore, chloroquine phosphate is used to treat COVID-19, and in vitro experiments show that chloroquine phosphate does inhibit SARS-CoV-2 and that its EC~50~ is 1.13 μM \[[@CR39]\]. Apart from the above antiviral mechanism, chloroquine phosphate can continue to exert antiviral effects after SARS-CoV-2 invades cells, and it also has immunomodulatory activity to strengthen the antiviral effect \[[@CR42]\]. Therefore, chloroquine phosphate has been included in the "Diagnosis and Treatment Protocol for Novel Coronavirus Pneumonia" and is undergoing clinical trials. Chloroquine phosphate is used for the treatment of COVID-19 in adults aged 18--65 years. Those who weigh more than 50 kg will receive 500 mg twice daily for 7 days, while those who weigh less than 50 kg will receive 500 mg twice daily on days 1 and 2 and 500 mg once daily on days 3--7 \[[@CR13]\].

Arbidol {#Sec9}
-------

Arbidol is a non-nucleoside broad-spectrum antiviral drug for upper respiratory tract infections caused by influenza A and B viruses, and it was first approved in Russia \[[@CR43]\]. It can inhibit the adhesion of viruses to host cells and prevent them from invading human cells \[[@CR44]\]. At the same time, it can promote the synthesis of interferon, which can prevent influenza virus invasion and treat influenza virus infection \[[@CR45]\]. Some studies have confirmed that arbidol has a good effect against SARS-CoV and MERS-CoV infections \[[@CR46], [@CR47]\]. Chinese scientists found in in vitro cell experiments that compared with a drug-untreated control group, 10--30 μM arbidol can effectively inhibit SARS-CoV-2 up to 60 times and significantly inhibit the pathological effects of the virus on cells \[[@CR48]\]. As described in the latest "Diagnosis and Treatment Protocol for Novel Coronavirus Pneumonia", arbidol is used at a dose of 200 mg for adults three times daily, and the course of treatment does not exceed 10 days \[[@CR13]\]. It has been reported that some patients have improved symptoms after receiving arbidol \[[@CR49]\].

Anticipated antiviral agents {#Sec10}
============================

Favipiravir {#Sec11}
-----------

Favipiravir is a nucleoside analog \[[@CR50], [@CR51]\] with an ability to inhibit RNA-dependent polymerase \[[@CR52]\] and was approved for marketing in Japan in 2014. It is used for antiviral treatment of influenza A and B \[[@CR52]\] and can effectively inhibit Ebola virus, yellow fever virus \[[@CR53]\], etc. In vitro experiments have shown that favipiravir is effective for COVID-19 and that its EC~50~ is 61.88 μM \[[@CR39]\]. To date, some clinical trials of favipiravir in the treatment of COVID-19 have been carried out in China. Recent clinical studies have found that compared with the antiviral drug arbidol, the clinical effect of favipiravir is more significant. Nucleic acid positive-to-negative time, mean antipyretic time and cough remission time were all better than those of the arbidol group \[[@CR27]\].

Remdesivir(GS-5734) {#Sec12}
-------------------

Remdesivir was first used to treat Ebola virus, and it has completed phase 2 clinical trials \[[@CR54]\]. As a nucleoside analog, it can interact with RdRp \[[@CR55], [@CR56]\], and the triphosphate form of remdesivir will compete with adenosine triphosphate, leading to delayed chain termination and inhibiting viral replication and transcription \[[@CR57]\]. A number of in vitro studies have shown that remdesivir has inhibitory effects on a variety of human and animal coronaviruses \[[@CR58], [@CR59]\]. An in vivo study of remdesivir against SARS-CoV showed that remdesivir can reduce virus levels in the lungs of mice infected with SARS-CoV and reduce lung function damage caused by the virus \[[@CR60]\]. Moreover, some studies have found that the antiviral effect of remdesivir against MERS-CoV is better than that of lopinavir/ritonavir combined with IFN-β \[[@CR21]\].

According to the above evidence, remdesivir has been used to treat SARS-CoV-2, and in vitro experiments showed that remdesivir has a good inhibitory effect on SARS-CoV-2, with an EC~50~ of 0.77 μM \[[@CR39]\]. Recently, the first COVID-19 patient in the United States was treated with remdesivir on the 7th day of hospitalization, and their clinical symptoms were improved significantly \[[@CR61]\]. At present, a phase three clinical trial of remdesivir for COVID-19 has been officially launched in China, and a total of 761 patients are planned to be enrolled in the study, which will be randomized, double-blind and placebo-controlled \[[@CR62]\].

Hydroxychloroquine {#Sec13}
------------------

As a derivative of chloroquine, hydroxychloroquine has similar efficacy and few adverse reactions. Based on its characteristics of immunomodulation, antithrombotic activity, and improved inflammation, hydroxychloroquine has been used in the clinical treatment of systemic lupus erythematosus \[[@CR63]\]. Hydroxychloroquine has been shown to have anti-SARS-CoV activity in vitro \[[@CR64]\], and it is clinically safer than chloroquine \[[@CR65], [@CR66]\]. Some clinical studies have found that after treatment with hydroxychloroquine, the viral load significantly decreases or even disappears, and azithromycin can enhance the antiviral effect \[[@CR67], [@CR68]\].

Traditional Chinese medicine (TCM) {#Sec14}
==================================

Traditional Chinese medicine has played an important role in the treatment of previous outbreaks of viral infectious diseases, so it has once again received attention during this epidemic of COVID-19 \[[@CR69], [@CR70]\]. In response to the outbreak, Chinese medicine experts provided different Chinese medicine prescriptions and proprietary Chinese medicines for selection at different stages of the clinical treatment period of diagnosed patients according to the principle of TCM syndrome differentiation. For example, for patients with fatigue and fever during the medical observation period, Jinhua Qinggan granules, Lianhua Qingwen capsules (granules) and Shufeng Jiedu capsules (granules) can be used, while for patients with fatigue and gastrointestinal discomfort, the Chinese patent medicine Huoxiang Zhengqi capsules (pills, liquid, and oral solution) can be used \[[@CR13]\].

Lianhua Qingwen capsules contain many Chinese herbal ingredients with antiviral effects, such as licorice. Glycyrrhizic acid, an extract of licorice, has been shown to inhibit virus replication and has been used clinically to treat HCV infection \[[@CR71]\]. Glycyrrhizic acid has been reported to inhibit the replication of SARS-CoV in vitro \[[@CR72]\]. For the reasons above, Lianhua Qingwen capsules have been used in the clinic and have a certain effect on improving clinical symptoms because they can obviously alleviate the symptoms of cough, fever, and fatigue in patients with COVID-19, reduce the proportion of severe cases, and shorten fever time \[[@CR73]--[@CR75]\].

In addition, lung cleansing and detoxifying decoction is also recommended for the treatment of confirmed cases in the latest "Diagnosis and Treatment Protocol for Novel Coronavirus Pneumonia" \[[@CR13]\].

In addition to traditional Chinese medicine prescriptions, some traditional Chinese medicine ingredients also have certain potential for the treatment of SARS-CoV-2. Baicalin is a flavonoid compound isolated from the root of *Scutellaria baicalensis* and has been confirmed to inhibit SARS-CoV in vitro \[[@CR76]\]. Ginsenoside improves human immunity and has a curative effect on viral infection \[[@CR77]\].

Therefore, traditional Chinese medicine can also be used as an option to treat COVID-19. Many clinical trials have been launched to further analyze the safety and effectiveness of traditional Chinese medicine, and the traditional Chinese medicines mentioned above have been recommended in the latest "Diagnosis and Treatment Protocol for Novel Coronavirus Pneumonia" \[[@CR13]\] (Table [3](#Tab3){ref-type="table"}).Table 3Currently suggested Chinese patent medicine in COVID-19 treatment^a^.Clinical symptomSuggested Chinese patent medicineMedical observation periodHuoxiang Zhengqi capsules (pills, liquid, oral solution); Jinhua Qinggan granules; Lianhua Qingwen capsules (granules); Shufeng Jiedu capsules (granules)Severe casesXiyanping injection; Xuebijing injection; Reduning injection; Tanreqing injection; Xingnaojing injectionCritical casesXuebijing injection; Reduning injection; Tanreqing injection; Xingnaojing injection; Shenfu injection; Shengmai injection; Shenmai injection^a^According to the 7th trial version of "Diagnosis and Treatment Protocol for Novel Coronavirus Pneumonia".

Chinese patent medicine {#Sec15}
-----------------------

Chinese patent medicine is herbal medicines in traditional Chinese medicine modernized into a ready-to-use form, such as tablets, oral solutions, or dry suspensions. Chinese patent medicine has played very important roles in the domestic battle against COVID-19 in China, and many clinical investigations have started to more precisely evaluate its effects on COVID-19 patient treatment. Chinese patent medicine, as well as many herbal medicines, has been very useful in improving symptoms such as coughing, weakness, and digestive system disorders, as well as alleviating anxiety. Reports announced that up to 90% of COVID-19 patients in China have been given Chinese patent medicine or TCM prescriptions. A list of Chinese patent medicine currently undergoing COVID-19 clinical trials is shown below (Table [4](#Tab4){ref-type="table"}) to present an overall message about Chinese patent medicine in COVID-19 treatment research (Table [2](#Tab2){ref-type="table"}).Table 4Chinese patent medicine used in COVID-19 clinical trials^a^.Registration numberChinese patent medicineChiCTR2000029769Babaodan capsulesChiCTR2000030704Bufonis Venenum injectionChiCTR2000029822Honeysuckle decoctionChiCTR2000030545Honeysuckle oral solutionChiCTR2000029755Jingye Baidu granulesChiCTR2000030255Jingyin granulesChiCTR2000029781Kangbingdu granulesChiCTR2000029991Keqing capsulesChiCTR2000029991Kesuting syrupChiCTR2000030469LiushenwanChiCTR2000030022Pediatric Huatanzhike granulesChiCTR2000029589Reduning injectionChiCTR2000030043Shenfu injectionChiCTR2000029780Shenqi Fuzheng injectionChiCTR2000029605Shuanghuanglian oral solutionChiCTR2000029742Sodium Aescinate injectionChiCTR2000029813Tanreqing capsulesChiCTR2000029432Tanreqing injectionChiCTR2000030033Xiangxue antiviral oral solutionChiCTR2000029756Xiyanping injectionChiCTR2000029381Xuebijing injectionChiCTR2000029434Lianhua Qingwen capsules (granules)^a^Chinese patent medicine used in 155 pooled COVID-19 clinical trials (either alone or in combination with other drugs) were listed.

Potential anti-SARS-CoV-2 targets {#Sec16}
=================================

Spike protein {#Sec17}
-------------

Some studies have confirmed that SARS-CoV-2 infects cells through endocytosis via the ACE2 receptor on AT2 alveolar epithelial cells in the lungs \[[@CR78], [@CR79]\]. At present, the protein structure of the S protein and ACE2 interaction has been solved, providing reliable guidance for vaccine and drug design \[[@CR80]\]. Aiming at the mutual use of the S protein and ACE2 protein necessary for SARS-CoV-2 to enter host cells, multiple domestic research teams have discovered a variety of potential ACE2-binding agents through molecular docking virtual screening methods and artificial intelligence drug screening methods.

Papain-like protease (PLpro) {#Sec18}
----------------------------

PLpro is a multifunctional protein with protease and phosphatase activity that is involved in viral replication and IFN antagonism \[[@CR81]\]. PLpro of SARS-CoV-2 and SARS-CoV have only 83% sequence similarity \[[@CR82]\]. However, the high-level structure of the protein that forms the active site is not altered in the two PLpro proteins \[[@CR83]\]. There are already domestic teams working to find potential inhibitors of PLpro through virtual screening, which needs to be confirmed by experiments.

3C-like protease (3CLpro) {#Sec19}
-------------------------

The 3CLpro of SARS-CoV-2 and SARS-CoV have an amino acid sequence similarity of up to 96%, and the structure of 3CLpro in SARS-CoV-2 has been solved \[[@CR82]\]. 3CLpro is a key protein of the virus, and the virus needs to use it to replicate RNA. Therefore, finding SARS-CoV-2 3CLpro inhibitors can provide a more effective way to fight COVID-19.

RNA-dependent RNA polymerase (RdRp) {#Sec20}
-----------------------------------

As an RNA virus, SARS-CoV-2-encoded RdRp plays a key role in the virus's RNA replication. RdRp inhibitors can be used as broad-spectrum antiviral drugs against RNA viruses. The RdRp protein structure has a large and deep groove structural region as the active center of RNA synthesis. The sequence similarity of the RdRp proteins of SARS-CoV-2 and SARS-CoV is as high as 96%, and structural differences exist outside the active center \[[@CR82]\]. Therefore, high sequence conservation allows the development of RdRp inhibitors against SARS-CoV to be applied to the development of anti-SARS-CoV-2 drugs.

TMPRSS2 (serine protease) {#Sec21}
-------------------------

A recent study showed that in addition to the use of the SARS-CoV receptor ACE2 to enter the cell, SARS-CoV-2 has two other proteins, cathepsin B and L(CatB/L) and TMPRSS2, that activate the S protein, help SARS-CoV enter the cell, and play a key role in the process of invasion of normal cells by SARS-CoV-2 \[[@CR84]\]. When a TMPRSS2 inhibitor is used in combination with a CatB/L inhibitor, they can completely inhibit the invasion of SARS-CoV-2. Therefore, TMPRSS2 may be a potential antiviral target.

Perspective {#Sec22}
===========

This article provides an overview of published information on domestic research and the development of coronavirus-related therapeutic agents. The drug-repurposing effort summarized in this article focused primarily on agents currently known to be active against other RNA viruses, including SARS-CoV, MERS-CoV, influenza, HCV, and Ebola, as well as anti-inflammatory drugs. This information provides a strong intellectual groundwork for support of current and future research and development for the discovery and development of therapeutic agents for the treatment of COVID-19 and coronavirus-related diseases. However, there are still no officially approved specific antiviral drugs or vaccines for SARS-CoV-2, and supportive care remains a key to treatment. TCM has accumulated thousands of years of experience in the treatment of pandemic and endemic diseases. Complementary and alternative treatments are still urgently needed for the management of patients with SARS-CoV-2 infection, and experiences in TCM are certainly worth examining. Many antiviral Chinese patent medicines, such as Shuanghuanglian oral solution and others, have been declared to have the effect of heat clearing and detoxifying, which could help clear viral respiratory pathogens and relieve symptoms according to TCM theory. Chinese patent medicine has been used in many historic epidemics, such as the previous two coronavirus outbreaks (SARS-CoV in 2013 and MERS-CoV in 2012) and seasonal epidemics caused by influenza viruses and dengue virus. Fighting against current epidemics also provides an opportunity to test the true value of TCM in treating emerging contagious diseases. It is encouraging that controlled clinical studies to evaluate the efficacy of TCM in the treatment of SARS-CoV were conducted and reported. We believe that specific and efficient antiviral drugs and therapy will arise from these ongoing and developing drugs, especially from the rich tradition of herbal medicines in China.
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